Technology application such as health information system in health care affects health care delivery including its clinical process. Health information system is used extensively in healthcare to support the infrastructure of medicine. Improving clinical process enables better understanding of healthcare systems as technology and clinical process need to be aligned to each other. One of the introduced techniques which improve clinical process is business process re-engineering (BPR). The aim of this paper is to investigate the application of BPR and its effectiveness in healthcare related to health information systems (HIS); this paper also highlights critical success factors for healthcare organizations to consider while implementing BPR in their process. In conclusion, application of BPR before implementation of HIS or even after implementation can be helpful to improve effectiveness of HIS. Application of IT can also be an enabler for redesign process, particularly in integration of multiple processes and process automation.
Introduction
Information technology (IT) is used in many industries today, with substantial benefits. "Medical information science is the science of using system-analytic tools to develop procedures (algorithms) for management, process control, decision making and scientific analysis of medical knowledge" [1] . On one hand, the ability of healthcare organizations to perform their function (such as order entry, report writing and decision support systems), reduce errors (medication and diagnosis) and achieve their goals can be provided by using information technology-based systems, also known as Health Information Systems (HIS) [2, 3] . On the other hand, some hazards such as its failure and its negative effects on patient or user related to application of HIS have been reported [2] . However, healthcare organizations must strive to achieve their best possible performance. So, evaluation of HIS is crucial to ensure that maximum benefits are gained by HIS. If the new technology that applied in health care is not adapted to the current user activity, it may causes dissatisfaction of users and they refuse to accept new technology. In other word, evaluation of HIS enables the assessment of the extent to which HIS are fulfilling decision makers and users objectives in supporting the services of healthcare delivery [2, 4, 5] .
Based on reviewed literature, 45% of HIS were rejected due to user resistance [6] [7] [8] . It was reported that misfit between system and clinical practice were more common, so, the ability of the new technology to fit to the clinical environment became important. Therefore, it is essential to evaluate and redesign the clinical process and workflow to make sure fit between clinical processes and HIS as implementing of information technology in healthcare needs workflow redesign in order to achieve success [9] .
Process defines as "a structured, measured set of activities designed to produce a specified output for a particular customer or market. It implies on a strong emphasis how work is done within an organization" [10, 11] . Business process is defined as "a set of logically related tasks performed to achieve a defined business outcome." [10, 12] . The definition of clinical process can be similar to business process; with the difference which it involves clinical activities. Clinical process includes steps that govern how to use resources to create services based on customer requirements. A customer, in this definition, is a patient, a nurse or a specialist. Clinical pathway also refers to clinical process, and was first introduced by Zander in the early 1980s to healthcare [13] .
Since the 1980's, quality management methods have been introduced to be applied to healthcare organizations. In the last decade, these methods have been used particularly to improve the quality of healthcare, as well as improve healthcare processes. A number of management techniques were proposed and applied to enhance adoption of HIS to clinical setting and the selection of methods depends on several factors such as existing needs and particular work environment, available resources and available knowledge and objectives. One of the methods of study on clinical process and clinical workflow is business process reengineering (BPR). BPR can enable us to further understand the adoption of health information systems in actual clinical settings [14] . Another suggested method in literature is Lean, which for optimizing clinical workflow [15] . Lean method is used to focus more in details of the process as BPR has a holistic view about the workflow. When BPR implemented in clinical process, the role of Lean method is to remove waste and increase efficiency of clinical workflow in the re-engineered process more specifically in details for each subprocess. However, if an organization aim to identify defects (perhaps through statistical analysis), then Six Sigma method is preferable choice [16] .
Since application of information technology in healthcare affects the flow of clinical process, we need to apply BPR to assure about the fit between HIS and clinical setting. As application of HIS is not only limited to one or some specific processes, it is necessary to investigate all involved processes in clinical workflow as a whole. So, we need to explore how BPR method improves the clinical process that relates to health information systems. Hence, it is essential to explore the use of BPR method in improving clinical process and represent the key findings of a reviewed literature in clinical practice. In addition, the adaption of BPR to clinical setting is important to ensure about successful implementation of BPR. This paper focuses on BPR concept and techniques which are applicable in health care especially to improve the effectiveness of HIS. A number of factors which influence BPR application are also highlighted in this study.
Based on our research question, the following search string was defined: "business process re-engineering", "Health Information System" and "clinical workflow" to fetch the literature addressing application of BPR in healthcare which is related to HIS. We adopted an open search to find all articles addressing the topic. Titles, abstracts, keywords, and full texts were searched. We selected all the conference and journal papers and manually analyzed the articles and selected papers eligible for inclusion in this research. We first considered the titles, then the abstracts and finally the full texts. If abstracts were not available, we reviewed the full text of papers.
Business process re-engineering
To understand the business process re-engineering, first we should know the meaning of process, business process and re-engineering separately. We defined process and business process in introduction part. However, process should have a starting and ending point involving human spanning across organization boundaries. In addition, clinical workflow can be used interchangeably with the clinical process definition.
It was reported that BPR concept was appeared during 1990s [17] . Business process re-engineering is defined as "a management approach that rethinks present practices and processes in business and its interactions. It attempts to improve underlying process efficiency by applying fundamental and radical approaches by either modifying or eliminating non-value adding activities and redeveloping the process, structure, culture" [18] . Business process re-engineering as an integrated and systematic approach, enhances analysis and re-design of the functions, workflows and structure of the organization to improve service quality and cause cost and time reduction.
In BPR method, first we should map the exits clinical process and decompose it into activities that are involved in the process. The mapped process is named "as-is" process. Within the mapped clinical process, we should identify all non-value added activities and unnecessary steps [18] . By analysis of the "as-is" process the bottlenecks would be identified. Afterward, the new clinical process that is named "to-be" process should be modeled [19, 20] . In some issues, modification of the process is not enough and may it needs to be redesigned or even remove wasteful activity completely [21] .
Benchmarking in the "to-be" process can help to compare the performance of the organization's process to find the areas that require changes and redesign. Also, like the "as-is" process, we can deploy an activity based costing tool to evaluate different designed "to-be" scenarios and trade-off between important factors to identify the best "to-be" scenario. The "to-be" process should be confirmed by process owner before implementation based on best practices which identified in designing the "to-be" process. Making a simulation based on "to-be" scenario could be helpful to reduce the errors and avoid too much expenses [22] .
Business process re-engineering steps
Five steps were identified in BPR implementation. It includes define the vision, identify the process, understanding of the exist process, define the methodology, and prepare a prototype. In the first step (define the vision), the objective of BPR such as reduce process cycle time should be identified based on customer needs [10, 23] . In "identify the process" step, we should declare which process should be redesigned based on cost analysis or revenue generation of process. Some methods such as High-Impact and Exhaustive approach could help in selection of the process. The high-Impact approach focuses on the most important process which necessary to be re-designed based on selected criteria. In the Exhaustive approach, we should first identify all of the processes and then prioritize them to be redesigned. The "understanding the process" step aims to prevent repetitive and old mistakes based on measurement of the current process and provide a baseline for future improvement. In the next step (define the methodology), it is essential to select a methodology to do the re-design process. Some tools and techniques are available to assist us in re-design process vary from problem analysis, solution testing and workflow diagram. After selecting a methodology we should design a prototype for new process. It means that we should design a prototype of future process before implementation [10] .
Business process re-engineering tools
There are many tools available to facilitate BPR process. These tools that assist BPR vary from the simplest flowcharting software to the most complex data modeling applications. These tools assist us for analysis, redesign and modeling of the process. We can classify these tools to static modeling and dynamic modeling. Static modeling such as flowcharting and dynamic modeling likes simulation of the process. None of the tools can completely support BPR and cover all the aspects [24] .
Some workflow modeling applications are available to map the workflow. For example Business Process Modeling notation and Unified Modeling Language (UML) are introduced to model the workflow visually. Graphical tools such as UML, models the process to enhance the degree of interoperability between the people who are participating in the BPR. In addition, process control flow is a tool which uses in business process reengineering and address the flow of information as well as task and activity optimization [24] . These tools help people to elicit, formalize and share their process in order to help decision making [24] .
BPR application in healthcare
There are so many reasons that why hospitals should implement BPR in their processes. The most important one, that was reported based on a study in USA in 1996/1997 was cost reduction [25, 26] . BPR in healthcare focuses on clinical process to redesign it. To realize the benefits of technology, especially health information system, HIS needs to be reassesses and evaluated to find the redundant parts. redundant parts called waste and need to be eliminated [27] . In order to achieve cost reduction, they can eliminate some extra costs such as simplifying the process and eliminating some steps or roles [26, 28] . BPR is also meant for improving clinical performance, empowerment and satisfaction of employees [26] .
Some selected reviewed papers which reported the application of BPR in healthcare is shown in Table 1 . The selected journals were based on successful application of BPR which was applied in different areas related to healthcare. Based on the reviewed literature, the impact of BPR was classified into time, cost, quality and flexibility. It means that decreasing cycle time, reducing execution cost, improving quality of care and increasing flexibility to react to the variation are the reported results of BPR implementation [22, 29] .
On the other hand, some literature investigated the role of IT in BPR process. Technology especially information technology enhances the redesign process. Information technology is an enabler to the BPR process as it helps to the team to collect, analysis, and store and distribute information more effectively and also increase communication and collaboration [19] . As Hammer mentioned, IT is a key enabler for BPR that causes "radical change". It is more than just automating of the process. It focuses on "fundamentally reshape the way business is done" and improve "Transactional, Geographical, Automatically, Analytical, Informational, Sequential, Knowledge Management, Track and Disintermediation" of organization in the BPR process [10, 30] .
Based on the reviewed papers there are some limitation and also critical points which are essential to be considered for the successful implementation of BPR, were reported. In the next two sections we discuss about them more in detail. 
BPR success factors
According to the reviewed literature, some important points are necessary to be considered through redesign process. BPR as a top down approach, needs participation of those who are get involved in the redesign process. In addition, top management commitment is one of the critical points in successful BPR implementation. It means that acceptance and ownership of BPR in the grass root levels is important and essential [10, 31] .
Although top management sponsorship is important, the ownership of BPR must rest with line operators because they are the most familiar with gaps, issues and processes. Even with partnership of operational line, expertise engagement to apply their knowledge is also necessary. BPR gives the opportunity to the employees to review the process in detail and comments about the selected process to increase efficiency [18] . One of the best practices is that to get involve all the stakeholders in redesign process and consider their feedback. Stakeholders in healthcare environment are defined as patient, family, nurse, specialist and a physician.
Re-engineering team composition and their understanding about BPR is another aspect that should be considered. BPR team composition includes some technical people, some members from outside, some customers if possible and those who know the process completely and the impact of processes as well. It means that communication and collaboration between both in-house employees and consultants, working together as a team, is a key factor in any successful BPR project. Also, the team should be manageable in size. This means that if the team is too big, decisions get made more slowly and the entire process becomes more difficult to execute effectively. Therefore, a large team will slow down the whole process.
Even after implementation of HIS in health care, re-designing of the implemented HIS to update existing workflow after a period of time to meet new requirements is essential. In this situation, the automated workflow that includes some software application and database or data warehouse should be evaluated properly. Consistency and completeness of database is as important as integration of all features [32, 33] . It is essential to assure all functions work properly, meet user requirements and compatible with user activity. However, usability test method can be conducted to assure about compatibility [34, 35] .
Another important point that necessary to be considered is clinical process includes some sub-processes. If redesign process is applied just on the sub-processes to improve them, a dramatic improvement result in workflow may not to be achieved. Even if we sub-optimize the sub-processes, the whole process may not work efficiently as the entire sub-processes are interconnected and affect each other [21] . Since the processes are interconnected to each other, in BPR we need to redesign the processes as a whole.
BPR Limitation
Some limitations of BPR application in healthcare have been reported in reviewed literature. As BPR is a top down approach and employee involvement is necessary, resistance to change exists. Employees are not involved in planning and change management, so the process is not well understood by them and causes employee de-motivation or ownership lost [18, 36] . Also structural and cultural changes need time to be accepted and developed in all levels in healthcare settings. Regarding to mentioned points, we can conclude that BPR is a high risk and high cost solution for the organizations [18] .
Even though some reviewed literature reported about successful implementation of BPR, a number of reasons have been identified from the pertinent literature that point to the causes of BPR failure. It was reported that there is no success story available about BPR implementation in healthcare [18] . Some of the reasons are lack of advanced technology people who ignore the role of IT as a key enabler that improve BPR process. In addition, they do not involve IT people as a team member. Other reasons of failure include lack of management commitment, realistic goal, leadership and resistance to change [10] .
To overcome limitation, customer involvement can be a good practice. A customer in a healthcare organization can be defined as a patient, family, nurse, and specialist. Since specialists and software analysts or developer team have their own point of view, vocabulary and methods regarding the process, their communication and close co-operation is essential in re-engineering process and redesign [37, 38] .
However, even though BPR as a technique helps to reduce cycle time and decrease cost, it is a lengthy process which requires much work and resources.
Discussion and conclusion
Business process re-engineering has been applied in health care over decades. It has potential to improve efficiency through reduced cycle time, operational cost and increase quality and flexibility of care delivery. This goal could be achieved by identifying and eliminating wasteful activities, editing roles and responsibilities of employees to simplify the process.
However, we should be careful about the tradeoff between time, cost, quality and flexibility dimensions, as an improvement in one of the factors may have an adverse effect on the others. So, one of the methods to predict the impact is to simulate the tradeoff between these factors. For example, simulation can evaluate cost or flow time of input for redesigned process [39, 40] .
In addition, user involvement is an important aspect in BPR implementation. Participation of operational staff is important as they are most familiar with the process and it would be better to give them the ownership of BPR. In BPR, it is essential that specialists and software analysts or developer team to communicate effectively and work in close cooperation as they have their own perspective, vocabulary and methods about the process. User training, management commitment, clear tangible goal as well as sponsor for BPR project are important as the other critical success factor of BPR implementation [10, 33, 37, 38, 41, 42] .
The automated clinical work flow does not have the limitation of manual clinical process, such as managing recorded information about patient, as information technology improve clinical workflow regarding storage and retrieval of information. On one hand, implementation of information technology in health care is important; on the other hand, re-design the process before implementation of IT should also be considered as it helps to optimize the workflow. Automated clinical process is not just a mirror of manual workflow. Optimized workflow could increase effectiveness of HIS application. So, we can suggest to implement BPR before implementation of HIS and apply it continuously even after HIS implementation in order to improve effectiveness of the automated workflow and manage changes. The integrity of features such as database or software application to the clinical settings is the most important aspects of HIS that could be implemented through BPR.
BPR includes change management across a number of functions that needs two to four years to implement. Performance improvement can be attained from lessons learned and previous experiences. This paper is useful for researcher who wants to conduct study on business process re-engineering application in health care to increase efficiency of health information systems.
